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THREE-DIMENSIONAL ANTHROPOMETRY OF THE ADULT FACE

INTRODUCTION

There is a continuous need for developing human-like mechanical devices
for use in safety design and performance testing in aircraft and automobiles.
These devices should have more realistic human characteristics that can be
faithfully reproduced in size, shape, mass, and performance than those
currently available. A greater realism requires a greater complexity in
defining some of these characteristics in real three-dimensional space with
known dimensional relationships to other body structures.

Basic to this three-dimensional concept is the establishment of a
coordinate axis system that defines and interrelates all points and surface
areas of the body and provides reliable descriptors of all measurable points
of interest. A major goal of this study is the standardization of all dimen-
sional relationships from one head-face segment to another by establishing a
three-dimensional anatomical axis system that is, in effect, coincident with
the basic coordinate or orthogonal axis reference system.

Although there are limited, lineal (point-to-point distance) type dimen-
sions of the human face and head that have been obtained for specific design
use and sample population descriptions, there are few three-dimensional data
available and inadequate facial feature descriptors to establish a meaningful
size-shape range of civil aircraft user populations for mask-type equipment
design and evaluation. The 30 adult male and female subjects measured in
this study were specifically selected because they have had extensive testing
time with oxygen mask-type equipment and reasonably match the population
range (Figures I and 2) of total face height (Sellion-Menton distance) and
total face breadth (Bizygomatic distance) for military and civilian anthro-
pometry studies (1,2,3,4,5). A correlation analysis of these dimensional
data and physiological test results will be conducted in support of the
current Civil Aeromedical Institute (CAMI) oxygen mask evaluation program.
ANATOMICAL AXIS SYSTEM

Unlike conventional surface anthropometry that describes a point-to-
point relationship of limited boyd features and is not necessarily
dimensionally relatable to other body structures, a three-dimensional anthro-
pometry requires a convenient fixed-origin coordinate axis system that
provides a known spatial relationship with all defined surface points.

The coordinate or orthogonal axis system (Figure 3) used in this study
was established by the criteria of availability, convenience, and reliability
of anatomical landmarks (subcutaneous or surface) that could be identified
superficially on the face and related structures of the head. The directional
assignment of these descriptive axes is also compatible with those axes con-
ventionally used to describe basic anatomical sectioning planes, positions,
and orientations in space. There is only one major difference in the rela-
tionship of conventional anatomical orientation of the face and head in space
relative to the midsagittal plane. The traditional Frankfort Plane and set of
defining landmarks are not used to describe or orient the head in any spatial
relationship.
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The origin point for this orthogonal axis intersect is Sellion Point
located in the nasal root depression. Points Sellion and Menton establish
the "Z axis (superior-inferior) for the face-head segment regardless of
position or orientation relative to other body segments or external
references. The "Y' axis (bilateral left to right) intersects Sellion
(origin point) at right angles and is parallel to a coronal plane
which intersects both left and right Inferior Orbital Rim points and
is perpendicular to the "Z axis. The "X" axis (anterior-posterior)
intersects origin point Sellion and is perpendicular to both the "Z"
and "Y" axes. The resulting anatomical planes formed by these axes are
(1) the X-Z plane as the midsagittal plane, (.') the Y-Z plane as a coronal
plane, and (3) the X-Y plane as a transverse piane. Since, by definition,
the constructed midsagittal plane was the result of using both Inferior
Orbital Rim points to establish the "Y" axis orientation, it may not be
coincident with the classically defined anatomical midsagittal plane.
In the axis system defined, all data points are expressed as a set of
coordinate values by directional signs from Se lion Point (0,0.0) to
each of the eight quadrants.

ANTHROPOMETRY METHODS

The selection criteria for reference landmarks are based primarily on
those features or structures of the face that are accessible and reliably
identified, and that adequately describe those surface areas related to
equipment design. Some of these landmarks are classical standards and the
others are modified with new definitions or are original for this study. All
landmarks were identified by small ink dots, unless structurally superficial
and plainly visible, and measured without distortion from tissue compression
or facial expressions, with the subject's eves opened and teeth in normal
occlusion.

For the convenience and accuracy of measuring procedures with this par-
ticular equipment and to assure head stability, each subject was placed in an
extended supine position. The posterior surfaces of the head and neck were
supported in a contoured cradle elevated above the computer plotter board and
adjusted for comfort. In this face-up position, all landmarks were accessible
for placement of the height gauge pointer. Except for those landmarks located
in the midsagittal plane, all other landmarks were ident if led and measured
bilaterally as right side and left side as follows:

Bilateral Landmarks

Lateral Canthus Point - the lateral Junction of the eyelids.

Medial Canthus Point - the medial junction of the eyelids.

Chelion Point - the lateral junction of the lips.

Gonion Point - the most lateral point in an area at the gonial angle of
the mandible.
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Superior Nose Base Point - a point located at the beginning of the

anterior projection of maxillary bone that forms the nasal bridge
(frontal process of the maxillary bone) and the intersection with the
fronto-maxillary suture. In the living this point lies in the narrow
depression immediately medial and superior to the Medial Canthue.

Middle Nose Base Point - the most lateral point at the beginning of the
anterior projection of maxillary bone forming the nasal bridge.
Typically, this point is approximately half the vertical distance between

the Superior Nose Base Point and Inferior Nose Base Point.

Inferior Nose Base Point - the most lateral point at the intersection of
the nasal ala and the cheek.

Lateral Orbital Rim Point - the most lateral point along the zygomatic
frontal suture line.

Inferior Orbital Rim Point - a point along the inferior orbital margin
that intersects a parasagittal plane passing through the eye pupil center.

Superior Orbital Rim Point - a point along the superior orbital margin
that intersects a parasagittal plane bisecting the eye pupil.

Tragion Point - the most anterior point in the notch superior to the
tragus of the ear.

Lateral Zygomatic Arch Point - the most lateral point on the zygomatic
arch surface.

Midsagittal Landmarks

Menton Point - the most anterior-inferior point on the chin that intersects
the midsagittal plane.

Promenton Point - the most anterior point on the chin projection in the
midsagittal plane.

Infradentale Point - a point along the chin crease that intersects the

midsagittal plane.

Stomion Point - a point at the intersect of the interlip line and equi-
distant from the bilateral chelion points.

Subnasale Point - a point at the median intersect of the nose septum and

philtrum.

Pronasale Point - the most anterior point on the nose tip.

Midnasale Point - a point equidistant from Sellion Point and Pronasale

Point along the most anterior-superior aspect of the nose.

6'i



Sellion Point - the deepest point in the indentation between the forehead
and nose bridge in the midsagittal plane. This is the origin point for

the head-face axis system used in this study.

Glabella Point - the most anterior point along the supraorbital ridge in
the midsagittal plane.

Frontal Point(s) - this series of points is aligned vertically in the

midsagittal plane on the forehead at 1-cm intervals above the Glabella
Point.

Sets of data points for each of the 30 measured subjects are presented in

the appendix as individual tabular format listings of the coordinate values
for all three axes. Since these data are not intended to describe a compre-

hensive population sample, it is useful to examine each set of subject data as

unique combinations of size and shape. This, of course, cannot be done with
only summarized data statistics that do not describe the real and unique
dimensional combinations of anatomical features. The user of these data may
reconstruct a variety of actual dimensional combinations as profile plots or

establish comparative dimensional frequency relationships for particular needs

or interest.

THREE-DIMENSIONAL MEASURING SYSTEM

The basic measuring system consists of a Hewlett-Packard (HP) 9820 calcu-
lator with interconnecting lIP 9864A digitizer and X-Y digitizer board, an
HP 5300B measuring system counter, and a custom-made variable resistance

transducer height gauge. The calculator is programmed to establish the
orientation of a subject's anatomical axis system by entering (measuring) the

four axis origin points in sequence. On command all data coordinate point

values are stored, the three-dimensional points are rotated in the proper axis
alignment, and a final data tape listing is printed. The measurements were
taken by adjusting the height gauge pointer to each surface landmark in
sequence and instructing the calculator to enter the pointer position.

SUMMARY

Forty-four anthropometric landmarks on the face and adjacent areas were

measured by a three-dimensional technique on 30 adult females and males.

These subjects were selected because of their participation in a concurrent

program to evaluate protective breathing equipment that would provide known

performance data for correlation with the three-dimensional anthropowetry.

The range of gross face size in breadth and height for both female and male

subjects is reasonably consistent with the size range of sex groups estimated
from military and civilian populations (Figures I and 2).

A new practical anatomical axis system to describe three-dimensional

relationships of facial anthropometry and definitions for new data points have

been established for use in future comprehensive data surveys. Individual
sets of data points for each of the 30 subjects are presented in tabular
format for the convenience of data use.
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Antropwwtry

Table 1, ree-Dimnstonal Eata FoLntu t Feeale Bub~eot Y-05
(oUilllmtors)

RiEtit Latoral W1~ kalti4

1,ateral C iathus - 18 - 46 -14 -15 4 46 -213

medIal Canthus - 1 - 16 -13 - 11 * - 12

(helion -7 -25 -72 - 6 26 -71
oonion - 61 - 60 01 - 52 57 -W

ouperlor Nose 'ase - 10 - 13 - 11 - 10 + 16 - 9

niddle No** Psee - 3 - 15 -27 -5 +1 -26
Inferior Noso Pase - 3 - ltp -44 - 1 4 17 -43

:-,pettor Nose 1ridgo - 3 -- 9 - 5 - 4 * 12 - 3

middle Nose lridge * 5 - 9 2 3 * 13 -2

Inferior Nose ridge 11 - 14 41 + 14 * 7 3

.0uperior orbital Rim - 7 - 31 7 - 7 * 34 13% 8
Lateram Orbital Rimi -33 - 60 14 - 29 61 -13

Inferior Crbitsa Rim -11 - 31 23 -11 * 34 - 20

Traqion -02 - 33 -80 + 73 -30

Latera .':ygomtatio Aroh -50 - 26 - 52 .71 -26

midsagittal Imdmks X .,a Y Axis Aise

Menton 0 0 - 105

Pro'inton + 4 0 - 95
Suprmentale 0 0 - 85

"tomion + 7 - 2 - 71

Subnausale + 11 - 3 - 54

'ronasale + 27 - 5 - 39

midnamale + 12 - 2 - 1

Sellion 0 0 0

Vl.befl - 1 0 + 14

Frontal +1 - 3 0 * 27

Frontal +2 - 7 0 + 37

Prontal 43 - 10 0 + 47

Frontal *4 - 18 0 + 57
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Table 2. Three-Dimensional Data Points Of Female Sub jeot F-20
(millimneters)

Right Lateral Left Lateral

Bilateral Landmrks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 18 - 46 - 14 - 16 + 45 -13
Medial Canthus - 12 - 16 - 12 - 11 + 16 -13
chelion - 9 - 27 - 70 - 8 + 26 -71

Gonion - 61 - 59 - 80 - 57 + 57 -83
Superior Nose Base - 10 - 12 - 11 - 10 + 12 - 10
Middle Nose Base + 2 - 9 - 23 + 2 + 11 -22

Inferior Nose Bass 0 - 18 - 42 - 1 + 19 - 41
Superior Nose Bridge - 3 - 8 - 5 - 4 + 10 - 5
Middle Nose Bridge + 2 - 9 - 23 + 2 + 11 -22

Interior Nose Bridge + 10 - 14 - 41 + 9 + 15 -40
Superior Orbital Rim - 7 - 31 + 7 - 7 + 30 + 8
Lateral 0rbital Rim - 32 - 59 - 13 - 29 + 58 -14
Inferior Orbital Rim - 13 - 31 - 22 - 13 + 30 - 20

T gion - 85 - 67 - 31 - 83 + 68 -30

Lateral Zygomatio Aroh - 57 - 67 - 25 - 53 + 68 - 26

Mids ittal Landmarks X Axis Y Axis Z Axis

Meuton 0 0 - 107

Promenton + 4 0 - 95
Supr' ientale + 2 0 - 85

Stomion + 5 0 - 70

Subusale + 8 0 - 51

Pronasale + 26 + 2 - 39

Midnassale + 9 + 1 - 19

Sellion 0 0 0
Glabells + 2 0 + 11
Frontal +1 + 1 0 + 23
Frontal +2 - 3 0 + 33
F]rontal +3 - 6 0 + 42
Frontal +4 - 10 0 + 51
Frontal +5 - 18 0 + 57
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Table 3. Three-Dimensional Data Points Of Female Subjeot F-17
(millimeters)

Right Lateral Left Lateral

tilateral Landmarks X Axis Y Axis 1 Axis X Axis Y Axis Z Axis

Lateral e0athus - 24 - 47 - 14 - 25 + 48 - 16
Medial Canthus - 16 - 16 - 15 - 15 + 15 - 14
Chelion - i0 - 26 - 72 - 11 + 25 - 70
Gonion - 66 - 58 - 82 - 68 + 56 - 85
Superior Nose Vase - 13 - 13 - 13 - 14 + 13 - 11
Middle Nose Base - 6 - 18 - 26 - 7 + 19 - 28
Inferior Nose Pase - 4 - 19 - 42 - 7 + 17 - 41
Superior Nose Pridge - 6 - 10 - 8 - 5 + 9 - 5
Middle Nose Bridge + 3 - 10 - 23 + 1 + 11 - 25
Inferior Nose Bridge + 13 - 13 - 39 + 11 + 13 - 38

Superior orbital Rim - 8 - 33 + 6 - 8 + 29 + 6
Lateral Orbital Rim - 34 - 56 - 15 - 33 + 55 - 17
Inferior orbital Rim - 15 - 33 - 24 - 15 + 29 - 23
Tregion - 96 - 67 - 39 - 95 + 68 - 41
Lateral Aygomatio Aroh - 61 - 68 - 31 - 63 + 68 - 26

Mideagittal Landmarks K Axis Y Axis Z Axis

Menton 0 0 - 109
Promenton + 5 0 - 98

Supramentale + 1 0 - 85

Stomion + 3 0 - 69
Subnasale + 0 - 50

Pronasale + 22 0 - 37
Midnasale + 11 0 - 21
Sellion 0 0 0
Glabells 0 0 + 10
Frontal +1 - 2 0 + 21
Frontal +2 - 4 0 + 31
Frontal +3 - 7 0 + 42
Frontal +4 - 11 0 + 50
Frontal 15 - 18 0 + 60

A-3



Table 4. Three-Dimensional Data Points Of Female Subjeot F-13

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 16 - 48 - 11 - 15 + 45 - 10
Medial Canthus - 9 - 16 - 12 - 8 + 15 - 11
Chelion + 1 - 26 - 73 - 2 + 24 - 71
Gonion - 61 - 57 - 86 - 63 + 54 - 83
Superior Nose Base - 8 - 13 - 9 - 8 + 12 - 7
Middle Nose Base - 3 - 19 - 26 - 2 + 18 - 24
Inferior Nose Hase + I - 19 - 46 + 1 + 16 - 42
Superior Nose Bridge - 2 - 8 - 6 - 2 + 8 - 5
Middle Nose Bridge + 4 - 12 - 23 + 6 + 9 - 20
Inferior Nose Bridge + 14 - 16 - 40 + 16 + 12 - 3/
Superior rbital Rim - 1 - 32 + 13 - 1 + 30 15
Lateral Orbital Rim - 30 - 59 - 8 - 28 + 55 -9
Imferior Orbital Rim - 7 - 32 - 22 - 7 + 30 -20
Tragion - 80 - 71 - '27 -88 + 68 -2)
Lateral .;ygnomatio Aroh - 56 - 6.) - 16 - 52 + 60 - 12

Mideagittal Landmarks X Axis Y Axis 4 Axis

Menton 0 0 - 110
Promenton + 10 0 - 97
Supramentale + 6 0 - 86
Stomion + 13 - 3 - 70
Subnasale + 12 - 3 - 50
Pronasale + 26 - 3 - 39
Midnasale + 11 - 2 - 19
Sellion 0 0 0
Glabella + 4 0 + 19
Frontal +1 + 3 0 + 22
Frontal +2 0 0 + 32
Frontal +3 - 4 0 + 42
Frontal +4 - 8 0 + 51
Frontal +5 - 15 0 + 62

A-4
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Table 5. Th'4o-Pimensional Data Pointe of 'eviale Subieot F'-02

(millimeters)

1Uiht Lateral Lhft Lateral

Bilateral Landmarks x Axis y Axis Axis X Axis Y Axis Z Axi.

Lateral Canthus - 22 - 47 - 14 - '3 # 4 - 12

Medial Canthus - 12 - 13 -13 - 13 A 20 - 10

Chelion - 0 - 25 - 3 - 3 + 31 - 71

Gonion - - 56 - 8 - 76 + 61 - 81
Superior Nose Base - 12 - 10 -10 - 12 +1; - 7

Middle Nose Base - 4 - 17 -30 - 3 + 22 - 26

Inferior Nose Pase - 1 - 0 - 42 - 1 + 24 - 40

,uperior Nose 11ridge - 5 - - 4 - 3 + 14 - 2
Middle Nose tiridge + 4 - ) - 25 P + 16 - 21

Inferior Nose Lidge * 15 - 10 - 3H4 14 * 14 - 30

Superior Orbital Rim - 8 - 29 + 4 -10 + 32 + 7
bateral obital1 Rim - 34 - 55 - 12 -3? + 56 - I

Inferior orbital Rim - 14 - 29 - 23 - 14 + 32 - 20

Tragion - ')6 - 71 - 32 - ')5 +'l - 31

lateral ',,yg,)omtio Aroh - (2 - 69 - 26 - t6 6 'l - 23

Midsagittal 1.andmarks X Axis Y Axis Z Axis

Menton 0 0 - 113
Pronenton .1 0 - 103

Suprumentale + 4 0 - 90

Stomion + 11 0 - 71

Subns.3sle 12 0 - 50

Pronasale + 27 0 - 35

Midnasale * 14 0 - 1/
Sellion 0 0 0

Glabella 0 0 + 13

P'rontal +1 - 3 0 + 2c%

Frontal 2 - 7 0 + 35

frontal +3 - 10 0 + 44

1rontal *4 - 15 0 + 53
Pontal +5 - 20 0 * 61
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Table 6. Three-Dimensional Data Points Of Female Subjeot F-04

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 18 - 43 - 13 - 15 + 45 9

Medial Canthus - 10 - 13 - 13 - 10 + 17 - 7
Chelion - 2 - 21 - 77 - 1 + 22 70

Gonion - 61 - 53 - 90 - 57 + 57 -88
Superior Nose Base - 9 - 10 - 7 - 10 + 14 - 3

Middle Nose Base - 4 - 14 - 28 - 5 + 17 - 23

Inferior Nose Base - 3 - 16 - 48 + 1 + 16 - 41

Superior Nose Bridge - 2 - 5 - 2 - 3 + 11 - 3

Middle Nose Bridge + 5 - 8 - 25 + 5 + 9 - 19

Inferior Nose Bridge + 13 - 8 - 44 + 15 + 10 - 40
Superior Orbital Rim - 8 - 27 + 10 - 9 + 31 + 14
Lateral orbital Rim - 32 - 54 - 8 - 34 + 58 - 6

Inferior Orbital Rim - 9 - 27 - 25 - 9 + 31 - 17

Tragion - 89 - 70 - 34 - 85 + 69 - 33

Lateral Zygomatio Aroh - 54 - 67 - 27 - 51 + 68 - 21

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 114

Promenton + 7 0 - 102

Supramentale + 3 0 - 90

Stomion + 10 + 2 - 73

Subnasale + 12 + 2 - 54

Pronasale + 29 + 3 - 41

Midnasale + 14 + 1 - 18
Sellion 0 0 0
Glabella - 3 0 + 20

Frontal +1 - 8 0 + 36
Frontal +2 - 12 0 + 43

Frontal +3 - 17 0 + 51

Frontal +4 - 23 0 + 59
Frontal +5 - 29 0 + 65

A-6



Table 7. Three-Dimensional Data Points Of Female Subjeot F-08
(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 24 - 44 - 9 - 20 + 48 - 8
Medial Canthus - 15 - 12 - 12 - 14 + 15 - 10
cheliof - 8 - 23 - 72 - 10 + 31 - 71
Conion - 61 - 57 - 92 - 68 + 61 - 92
Superior Nose Base - 12 - 9 - 12 - 13 + 11 - 10
Middle Nose Base - 4 - 14 - 25 - 4 + 18 - 23
Inferior Nose Base - 1 - 15 - 43 - 2 + 20 - 38
Superior Nose Bridge - 3 - 5 - 7 - 4 + 9 - 5

Middle Nose Bridge + 4 - 7 - 21 + 2 + 11 - 20
Inferior Nose Bridge + 16 - 10 - 37 + 15 + 16 - 35
Superior Orbital Rim - 5 - 26 + 8 - 7 + 32 + 10
Lateral Orbital Rim - 38 - 56 - 7 -35 + 59 - 6
Inferior Orbital Rim - 12 - 26 - 21 -12 + 32 - 18
Tragion - 92 - 70 - 25 -93 + 72 - 27
Lateral Zygomatio Aroh - 24 - 44 - 9 - 20 + 48 - 8

Midsagittal Landviarks X Axis Y Axis Z Axis

Menton 0 0 - 115

Promenton + 8 0 - 97
Supramentale + 6 0 - 87

Stomion + 11 + 2 - 69
Subnasale + 14 + 2 - 48

Pronasale + 25 + 2 - 34

Midnasale + 9 + 1 - 18
Sellion 0 0 0
Glabella 0 0 + 103
Frontal +1 - 3 0 + 21

Frontal +2 - 7 0 + 30

Frontal +3 - 10 0 + 38

Frontal +4 - 14 0 + 47
Frontal +5 - 20 0 + 57

A-7
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Table 8. Three-Dimensional Data Points Of Female Subjeot F-03
(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 20 - 52 - 9 - 17 + 51 - 10
Medial Canthus - 10 - 17 - 10 - 10 + 18 - 7

Chellon - 2 - 26 - 74 + 1 + 26 - 71
Gonion - 71 - 57 - 86 - 70 + 60 - 84
Superior Nose Base - 10 - 12 - 6 - 7 + 15 - 4
Aiddle Nose Base - 2 - 18 - 25 0 + 17 - 22

Inferior Nose Base 0 - 20 - 43 + 1 + i8 - 42
Superior Nose Bridge - 3 - 7 - 2 - 4 + 10 0

Middle Nose Bridge + 7 - 10 - 22 + 8 + 9 - 20
Inferior Nose Bridge + 14 - 12 - 41 + 16 + 9 - 39

Superior Orbital Rim - 7 - 34 + 11 - 7 + 37 + 13
Lateral Cbital Rim - 33 - 62 - 6 - 30 + 63 - 7

Inferior Orbital Rim - 10 - 34 - 21 - 10 + 37 - 18
Tragion - 92 - 70 - 25 - 87 + 75 - 27
Lateral Zygomatio Aroh - 61 - 70 - 23 - 59 + 73 - 19

Mideagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 117
Promenton + 8 0 - 104
Supramentale + 7 0 - 88

Stomion + 12 - 2 - 72

Subnaaale + 15 - 2 - 54
Pronasale + 29 - 2 - 40

Midnasale + 15 - 3 - 20

Sellion 0 0 0
Glabella + 2 0 + 19
Frontal +1 - 1 0 + 33

Frontal +2 - 3 0 + 43

Frontal +3 - 7 0 + 53

Frontal +4 - 12 0 + 62
Frontal +5

A-8
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Table 9. Tbree-Dimensional Data Points Of Female Sub Jeot F-15

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 26 - so - 17 - 22 + 48 -19

Medial Canthus - 14 - 17 - 17 - 15 + 15 -16
chelion - 9 - 26 - 78 - 8 + 26 -- 77
Gonion - 72 - 56 - 92 - 63 + 58 -99

Superior Noe Base - 15 - 13 - 13 - 14 + 11 -11
Middle Nose Base - 6 - 19 - 31 - 5 + 16 -29
Inferior Nose Base - 3 - 18 - 50 - 3 + 17 -48
Superior Nose Bridge - 6 - 1i - 6 - 6 + 9 - 3
dd41e Nose Bridge + 5 - 12 - 27 + 3 + 10 -25
Inferior Nose Bridge + 16 - 15 - 45 + 14 + 12 - 43

&ipeior orbital Rim - 10 - 30 + 6 - 10 + 31 + 9
Lateral Orbital Rim - 39 - 60 - 15 - 34 + 60 - 16
Inferior Orbital Rim - 12 - 30 - 27 - 12 + 31 - 28
Tragion - 100 - 71 - 33 - 94 + 74 - 37
Lateral Zygomatio Aroh - 63 - 69 - 25 - 59 + 71 - 29

Mideagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 117

Promenton + 7 0 - 107

Supramentale + 1 0 - 95

Stomion + 7 - 2 - 77

Subuasale + 11 - 1 - 54

Pronassle + 28 0 - 43

Midnassle + 17 - 2 - 22

Sellion 0 0 0
Glabell. 0 0 + 14
rontal +1 - 5 0 + 25

Frontal +2 - 9 0 + 34
Frontal +3 - 14 0 + 44

Frontal +4 - 19 0 + 52

Frontal +5 - 25 0 + 60

A-9



Table 10. Three-Dimensional Data Points Of Female Sub jeot F-12

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 17 - 49 - 16 - 18 + 46 - 18
Medial Caunthus - 9 - 19 - 17 - 10 + 16 - 18
chelion - 11 - 24 - 79 - 13 + 24 - 78
Gonioon - 72 - 59 - 86 - 76 + 55 - 84
Superior None Base - 9 - 14 - 14 - 11 + 11 - 14
Middle Nose Base - 5 - 17 - 33 - 5 + 16 - 33
Inferior Nose Base - 4 - 16 - 50 - 5 + 18 - 49
Superior Nose Bridge - 3 - 9 - 9 - 3 + 6 - 7
Middle None Bridge + 5 - 10 - 29 + 3 + 9 - 29 /
Inferior Nose Bridge + 14 - 13 - 48 + 14 + 13 - 47
Superior orbital Rim - 3 - 33 + 7 - 4 + 31 + 5
Lateral OrbitalRim - 29 - 60 - 12 - 30 + 57 - 13
Inferior Obital Rim - 8 - 33 - 28 - 8 + 31 - 26
Tragion - 91 - 73 - 35 - 94 + 68 - 38
Lateral Zygomatio Aro - 61 - 70 - 24 - 54 + 66 - 23

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 118
Promenton + 3 0 - 94

Supramentale + 4 0 - 77
Stomion + 6 + 3 - 60
Subnasale + 27 + 3 - 49
Pronanals + 14 + 3 - 26
Midnasale + 1 + 2 - 14
Sellion 0 0 0
Glabella + 1 0 + 11
Frontal +1 + 1 0 + 23
Frontal +2 + 1 0 + 33
Frontal +3 + 2 0 + 44
Frontal +4 - 4 0 + 53
Frontal +5 - 9 0 + 61

A-10



Table 11. Tiree-DiMensonl Data Points Of i'emale Subject F-11

( millimeters)

R1ht Lateral .. ft ,ateral.

SLndmark A Axis Axis X Axs Y Axis Z Axis

B l ter eal L a rk 
- --

LaltC~nthus - 18 - 45 - 11 - 17 + 42 - 12

Mel Caenthus -12 - 15 - 14 - 12 + 1I - 12

melioln -8 - 23 - 77 - 11 + 26 - 78

Gelon -71 - 59 - 80 - 74 + 60 - 82

Sunion 1 -12 - 11 - 1i + 8 - 8
Super'ior Nose Base - 61 - 19 -2 - 26

Middle Nose Base - 6 -+19 -129 7 45 -

interior Nose Bae - 2 - 17 - 45 -3 17 - 45

Superior Nose Bridge - 4 - 8 - 5 - 4 2 - 3

Mdde NoekHrie * 6 - 10 - 24 + 5 + B -22

ifeior Nose Bidge + 15 - 12 - 41 + 15 + 12 40 /
SIperior orbit Ri - 6 - 32 + 9 - 5 + 29 + 12

Satro orbital Rim -34 - 57 - 8 - 30 + 55 - 5

Later orbtl -1 0 - 32 - 23 - 10 + 29 - 2Z

Trgion b - 90 - 71 - 32 - 88 + 71 - 30

Tra lo i- 62 - 69 - 27 - 55 + 70 - 29

MidsaittSl LamK xis _y Axis Z Axis

Menton 0 0 - 119

promenton + 6 0

Supramen5ale + 4 0 - 92

+ 7 - 1 - 78
StbuiSo + 10 - 1 - 53
Sub le + 30 0 - 38

Pronasale + 17 0 - i
Midnasa1e 0 0 0
Sellion 0 0 : 14

Frnl+I- 3 0 + 25

Frontal + +3
- 8 0 +

front 3  
- 2 0 + 43

Frontal +4  -1 0 4 52

rontl - 23 0 + 60
Front-l +5

A-11



Table 12. Three-Dimensional. Data Points Of Male Sub jeot M-28
(millimeters)

Right Lateral Left Lateral

BilateLl Ladmarks X Axds Y Ads ZAxs XAxis Y Ards Z Axis

Lateral Canthus - 22 - 47 - 9 - 20 + 47 - 8
Medial Canthus - 13 - 16 - 9 - 11 + 18 - 7
Chelion - 11 - 22 - 72 - 9 + 27 - 68
Gonion - 83 - 61 - 86 - 83 + 62 - 88
Superior Nose Bse - 11 - 12 - 6 - 8 + 12 - 3
Middle Nose Base - 6 - 17 - 24 - 4 + 21 - 23
Inferior Nose Base - 4 - 17 - 46 - 2 + 19 - 42
Superior Nose Bridge - 4 - 7 - 2 - 2 + 8 + 2
Middle Nose Bridge + 5 - 9 - 22 + 7 + 10 - 19
Inferior Nose Bridge + 15 - 13 - 43 + 17 + 14 - 38
Superior Orbital Pim - 4 - 34 + 8 - 1 + 33 + 10
Lateral Orbital Am - 38 - 60 - 10 - 34 + 59 - 7
Inferior Obital Rim - 11 - 34 - 21 - 11 + 33 - 18
Tragion - 100 - 74 - 25 - 99 + 75 - 23
Lateral Zygomatio Aroh - 69 - 74 - 14 - 64 + 75 - 13

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 110
Promenton + 9 0 - I00
Supramentale + 2 0 - 83
Stomion + 6 + 2 - 71
Subnasale + 8 + 2 - 53
Pronsamle + 29 + 2 - 42
Midnasale + 14 + 2 - 20
Sellion 0 0 0
Glabella + 3 0 + 19
Frontal +1 + 1 0 + 33
Frontal +2 - 1 0 + 43

Frontal +3 - 5 0 + 53
Frontal +4 - 11 0 + 62
Frontal +5 - 17 0 + 70

A- 12



Table 13. Three-Dimensional Data Points Of Male SubjoOt M-18
(millimeters)

Right Lateral Left Lateral

Lateralathue - 29 - 50 - 10 - 27 + 49 - 14

Medial Canthus - 17 - 16 - 11 - 16 + 19 - 8

Chelion - 12 - 27 - 75 - 13 +25 -72

Gonion - 9 - 60 - 91 - 72 + 58 - 89

Superior Nose Baae - 15 - 13 - 9 - 15 + 14 - 6

Middle Nose Base - 12 - 20 - 28 - 12 + 20 - 2c

Inferior Nose Base - 8 - 17 - 45 - 10 + 17 - 43

Superior Nose Bridge - 5 - 8 - 5 - 8 +1 0 - 3

Middle Nose Bridge + 2 - 10 - 24 - 1 + 12 - 22

Inferior Nose Bridge + 13 - 13 - 43 +11 +13 - 40
Superior orbital Rim - 9 - 31 + 10 - 9 + 32 +12

Lateral Orbital Rim - 44 - 57 - 5 - 42 + 57 - 11

Inferior orbital Rim - 19 - 31 - 23 - 19 + 32 - 21

Tragion - 98 - t - 30 - 100 + 70 - 34

Lateral Zygom&tic Aroh - 75 - 68 - 27 - 76 + 68 - 26

Midmagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 115

Promenton + 4 0 - 104

Supramentale - 1 0 - 88

Stomion + 4 0 -73

Subnasale + 9 + 2 - 55

Pronasale + 26 + 2 - 42

Midnale + 11 + 1 - 18

Sellion 0 0 0

Glabella 0 0 + 16

Frontal + - 3 0 + 29

Frontal +2 - 6 0 + 40

Frontal +3 - 10 0 + 51

Frontal +4 - 15 0 + 58

Frontal +5 - 22 0 + 5

A-13



Ta'.1l 14. 'r'oe-i'i aulnal Data Aoi.ts ' ".!ale 2ubjeot M-.24

millimeters

Riiht Lateral Let 'ateral

Dilateral Landmarks Axis y Uis .i Axis y AxIs AXis

Lateral Canthus - 22 -46 -12 - 2') + 49 -
Medial Canthus -13 -1o -ti - 1 --
Chelion - 9 -27 -72 - + 28 -
donion - 1 - '4 -O - 73771 - 81
Superior Nose Dse - 10 - 11 - 6 - 9 t -
Middle Nose !ase - 4 - -25 - 3 1 -23
If ferior Nose 1ase - 6 - 21 - 3L - . 21 - ,
Superior Nose -ridge - 4 - Q - S - 1 4 0
Middle Nose tridge + 6 - 11 - 21 - N
Inferior Nose ",ridge f14 - t - 35 16 1? - 32
Superior 'btal ,im - 4 - 3- 5 + 34 + 14
Lateral Orbital "irA - 42 - 6 - 13 - 41 + 6 -
Inferior Orbital Eim - 10 - 32 - 25 - 11 34 - 10
Tra4ion 02 - 4 - 13
Lateral .- 2- - 15 - 347,1 -1

Idsaittl X.drsrks *i 14 Y 1 " A1'

"S!enton 0 11c,
P'romenton - 3 0 37V
Supramentle 4 0 6 47
tronln - 8 0 '0Subnasale + C, 0 -4,4

Pr~onas ale 1 6 - 1 -- 34
"LidnasalIe 14 - 1 -1
Sellion 00O

Oilabells 0 0 + 16
Frontal +1 1 + 2 7
Fr-ontal +2 - 3 0 37
Frontal +3 - 4 0 + 48
Fro ntal +4 - 8 0 + 57
Frontal +5 - 13 0 C4

A- 14



Table 15. Three-Dimensional Data Points Of Male Subjeot M-09
(millimeters)

R, , t Lateral Left Latera

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 22 - 45 - 16 - 23 + 47 - 14

Medial Canthus - 16 - 14 - 16 - 17 + 16 - 15

Chelion - 9 - 29 - 79 - 10 + 28 - 78

Gonion - 73 - 65 - 92 - 79 + 63 - 90

Superior Nose Base - 15 - 9 - 12 - 15 + 10 - 11
Middle Nose Base - 8 - 18 - 29 - 8 + 19 - 28

Inferior Nose Base - 6 - 20 - 48 - 6 + 18 - 47

Superior Nose Bridge - 4 - 7 - 2 - 5 + 8 - 5

Middle Nose Bridge + 3 - 0 - 25 + 2 + 11 - 24

Inferior Nose Bridge + 15 - 15 - 40 + 14 + 14 - 40 
Superior orbital Rim - 5 - 31 0 - 6 + 33 + 
Lateral orbital Rim - 38 - 62 - 16 - 39 + 62 - 16

Inferior orbital Rim - 16 - 31 - 28 - 16 + 33 - 26

Tromion - 98 - 75 - 33 99 + 74 - 30

Lateral Zromatio Arch - 72 - 75 - 23 - 67 + 73 - 21

!Midsagittal Landmswks X Axis Y Axis Z Axis

!Menton 0 0 - 118

Promenton + 5 0 - 105

iiStomion + 8 - 2 - 79

Subnasale + 13 0 - 51

Pronasale + 29 0 - 38

Midnasale + 15 + 1 - 18

Sellion 0 0 0

Glabella + 1 0 + 9

Frontal +1 - 4 0 + 22

Frontal +2 - 8 0 + 33

Frontal +3 - 11 0 + 43

Frontal +4 - 15 0 + 52

Frontal +5 - 19 0 + 62

A-15
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Irsble V. Truat-Olmoupiotio lloth 1Vituts Of Miae Oubieot M-W

alarsAAI I &U ht LA-1 Lef bmt Z &&

1bte'alC1thu 24 - 45 - 10 - 24 + 45 -8a
m~tfla1 comthu -16 - 15 - 10 - 16 + 14 -

chelioi' -5 - 23 - 75 - 6 + 26 - 73
68iio --57 - 8 - 65 +59 - 83

.luperior Nos Ties* -14 - 11 - 7 - 14 + 10 -6

Midde Noso Pas v - l - 27 - 7 + 17 - 26
ltifir Nos se I --19 - 45 - 5 + 10 - 43

%,%partor No@* lr1idge b 6 3 -6 + 7 -2

Middlo~t Nose lkr-1 -4 4 l$ -2
hitrin.lr N** Pi~go 13 - 15 -434 14 -1 12 -40

.;vi4%trlor (orbima Elm 6 - 20 6 -b 130 4

.atera 01-11toa Illi '. - - N) Qi 56 8

Jnr,lt,ir orbital Iffili lo~ 20 ,, - l, Io 30 -19

T agl - 71 - 28 - Qtl 4 2 -25

1.tord nto rb 61 - -24 -63 *67

Mid~w~l talwtdturkte XAxis Axis ~Axis

0 0 -11%)

~ 5 -1 -75

t - 3 - 4?
M~d~a~.1. 1~ 0o 21

'elt tol 0 0 0

-23 0 62



Table 18. Three-Dimensional Data Points Of Male Subjeot M-30

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Ais Y Axis Z Axis

Lateral Cauthus - 17 - 48 - 10 - 18 + 47 - 11
Medial Canthus - 11 - 17 - 10 - 12 + 16 - 9
Chelion - 14 - 30 - 73 - 13 + 27 - 73
Gonion - 77 - 71 - 87 - 76 + 67 - 90
Superior Nose Base - 11 - 11 - 4 - 9 + 10 - 4
Middle Nose Base - 6 - 16 - 23 - 6 + 16 - 24

Inferior Nose Rase - 9 - 20 - 40 - 7 + 15 - 40
Superior Nose Bridge - 4 - 6 - 1 - 3 + 5 0
Middle Nose Pridge + 2 - 9 - 22 + 4 + 8 - 21 /
Inferior Nose Bridge + 13 - 16 - 38 + 15 + 11 - 37

Superior Orbital Rim + 2 - 31 + 15 + 1 + 31 + 15
Lateral Orbital Rim - 33 - 66 - 5 - 32 + 63 - 7
Inferior Orbital Rim - 10 - 31 - 18 - 10 + 31 - 19

Tragion - 98 - 77 - 27 - 99 + 76 - 29
Lateral Zyomatio Aroh - 64 - 80 - 16 - 61 + 78 - 13

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 119

Promenton + 5 0 - 105
Supramentale 0 0 - 89
Stomion + 2 - 2 - 70

Subnasle + 7 - 1 - 50
Pronasale + 28 - 1 - 38
Midnasale + 14 - 1 - 19
Sellion 0 0 0
Glabells + 4 0 + 19
F rontal +1 + 1 0 + 29
Frontal +2 - 2 0 + 38

Frontal +3 - 5 0 + 47
Frontal +4 - 9 0 + 57
Frontal +5 - 15 0 + 65

A-IS



Table 19. Three-Dimensional Data Points Of Ma2e Subjeot M-06

(mili.meters)

Right Lateral Left Late al

Bilateral Landmarcs X Axis Y Axis Z Axis X Axis Y Axds Z Axis

Lateral Canthus - 24 - 51 - 13 - 27 + 51 - 11

Medial Canthus - 15 - 18 - 14 - 17 + 17 - 12

Chelion - 5 - 28 - 77 -4 +28 -75

Gonion - 73 - 69 - 98 - 76 + 64 -102

Superior Nose Base - 13 - 14 - 12 - 14 + 11 - 9

M,iddle Nose Base - 5 - 19 - 28 - 6 + 19 - 25

Inferior Nose Base - 1 - 20 - 46 0 + 18 - 45

Superior Nose Bridge - 4 - 9 - 7 5 + 9 - 4

Middle Nose Bridge + 3 - 12 -22 + 4 + 9 - 19

Inferior Nose Bridge + 20 - 10 -20 + 21 + 8 - 39

Superior Orbial Rim - 6 - 35 + 1 8 + 31 +4 /
Lateral orbital Rim - 38 - 67 - 11 - 43 + 66 - 8

Inferior Orbital Rim - 12 - 35 - 25 - 12 + 31 - 22

Tragion - 98 - 82 - 31 - 102 + 74 - 30

Lateral Zygomatio ArOh - 58 - 79 - 31 - 57 + 75 - 26

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 119

Promenton + 4 0 - 110

Supramentale + 1 0 - 90

Stomion + 11 + 3 - 75

Subnasale + 19 + 2 - 52

Pronasale + 32 0 - 37

Midnaale + 14 0 - 17

Sellion 0 0 0

Glabells + 2 0 + 14

Frontal +1 - 5 0 + 26

Frontal +2 - 8 0 + 36

Frontal +3 - 10 0 + 45

Frontal +
4  - 15 0 + 55

Frontal +5 - 20 0 + 65

A-19
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Table 20. Three-Dimensional Data Points Of Male Subjeot M-29

(millimet.rs)

Right Later'al Left Lateral

jBilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Ai.s

Lateral Can'thus - 24 - 52 - 9 - 22 + 47 - 12
Medial Canthus - 14 - 21 - 9 - 13 + 17 - 12
Chelion 0 - 25 - 74 - 1 + 22 - 77
Gonion - 71 - 63 - 87 - 69 + 60 - 93
Superior Nose Base - 12 - 14 - 7 - 10 + 12 - 7
Middle Nose Base - 5 - 21 - 22 - 4 + 15 - 25
Inferior Nose Base - 2 - 20 - 42 - 1 + 16 - 43
Supe ior Nose Bridge - 5 - 11 - 5 - 4 + 7 - 4
Middle Nose Bridge + 4 - 11 - 20 + 6 + 6 - 21
Infe-ior Nose Bridge + 16 - 14 - 38 + 15 f 9 - 36
Superior Orbital Rim - 5 - 35 + 12 - 3 + 32 4 13
Lateral Orbital Rim - 41 - 64 - 7 - 37 + 62 -10
Inf 'ior b'bital Rim - 11 - 35 - 18 - 11 + 32 - 19
Tragion - 97 - 76 - 36 - 96 + 74 -38
Lateral Zygomatio Aroh - 67 - 73 - 22 - 67 + 70 -26

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 120

Fromenton + 7 0 - 108
Supraentale 0 0 - 93
Stomion + 10 - 2 - 73
Subnasale + 10 - 1 - 51
Pronasale + 26 - 1 - 36
Midnasale + 12 - 2 - 16
Sellion 0 0 0

Glabella + 2 0 + 18
Fr'ontl +1 - 1 0 + 26,iFronsl +2 - 5 0 + 36

!Frontal +3 - a 0 + 47
SFrontal +4 - 12 0 + 56
:'Frontal +5 - 18 0 + 66

l i A-20



Table 21. Three-Dimensional Data Points Of Male SubJeot M-19
(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 23 - 50 - 13 - 26 + 48 - 13
Medial Canthus - 13 - 18 - 12 - 13 + 15 - 1l
Chelion - 1 - 26 - 76 - 1 + 23 - 75
Gonon - 66 - 70 - 88 - 70 + 59 - 90
Superio Nose Base - 11 - 14 - 11 - 11 + 10 - 8
Middle Nose Base - 6 -18 - 27 - 7 + 18 - 25
Inferior Nose Base - 4 - 18 -45 - 2 + 17 - 44
Superior Nose Bridge - 5 - 9 - 7 - 4 + 6 - 3
Middle Nose Bridge + 4 - 10 -12 + 2 + 10 - 21
Inferior Nose Bridge + 16 - 14 - 39 + 13 + 13 - 39
Superior Orbital Rim - 6 - 33 + 5 - 7 + 30 + 7
Lateral Orbital Rim - 39 - 65 - 10 - 39 + 58 - 10
Inferior orbital Rim - 12 - 33 - 23 - 12 + 30 - 21
Tragion - 94 - 76 - 33 - 98 + 76 - 34
Lateral Zygomatio Aroh - 60 - 75 - 27 - 62 + 69 - 18

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 120
Promenton + 8 0 - 106
Supramentale + 8 0 - 94
Stomion + 10 0 - 73
Subnasale + 12 0 - 50
Pronasale + 25 + 1 - 38
Midnasale + 10 + 1 - 19
Sellion 0 0 0
Glabella + 1 0 + 17
Frontal +1 - 4 0 + 29
Frontal +2 - 8 0 + 38
Frontal +3 - 12 0 + 47
Frontal +4 - 16 0 + 56
Frontal +5 - 20 0 + 65

A-2I



Table 22. Three-Dimensional Data Points Of Male SubJeot M-23
(mllimeters)

Right Lateral Left Lateral

Bilater l Landmarks X Axis Y Axis Z Ahis X Ais Y Axis Z Axdi

Lateral Canthus - 22 - 49 - 15 - 20 + 46 - 13
Medial Canthus - 14 - 18 - 13 - 14 + 16 - 10
Chelion - 11 - 29 - 82 - 10 + 26 - 80
Gonion - 83 - 67 - 98 - 84 + 61 - 97
Superior Nose Bass - 12 - 14 - 9 - 11 + 12 - 7
Middle Nose Bae - 4 - 21 - 30 - 3 + 19 - 28
Inferior Nose Base - 2 - 23 - 47 - 3 + 20 - 47
SuperorNose Bridge - 5 -1 0 - 6 - 4 + 8 - 5
Middle Nose Bridge + 6 - 14 - 26 + 8 + 13 - 24
Inferior Nose Bridge + 19 - 18 - 44 + 19 + 15 - 39
SuperiorOrbital Rim - 6 - 34 + 6 - 3 + 30 + 8
Lateral Orbital Rim - 40 - 65 - 16 - 37 + 61 - 12
Inferior Orbital Rim - 12 - 34 - 22 - 12 + 30 - 20
Tragion - 95 - 73 - 35 - 97 + 73 - 34
Lateral Zygomatio Aroh - 67 - 75 - 34 - 65 + 70 - 30

Midnagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 124
Promenton + 7 0 - 110
Suprament l. - 4 0 - 98

Stomion + 7 - 2 - 83
Subnasale + 13 - 3 - 58

Pronassle + 32 - 2 - 42
Midnassle + 14 - 4 - 22
Sellion 0 0 0
Glabella + 2 0 + 20
Frontal +1 - 3 0 + 33
Frontal +2 - 9 0 + 41
Frontal +3 - 14 0 + 50
Fronta +4 - 18 0 + 58
JFrontal +5 - 24 0 + 66

A-22



Table 23. Three-Dimensional Data Points Of Male Subjeot M-27
(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Latral Canthua - 21 - 43 - 15 - 22 + 49 - 17
Medialanthus - 14 - 15 - 14 - 17 + 21 - 13
Chelion - 16 - 26 - 80 - 15 + 28 - 78
Gonion - 80 - 59 - 91 - 78 + 58 - 97
Superior Nose Base - 12 - 11 - 8 - 16 + 16 - 7
Middle None Base - 9 - 18 - 29 - 9 + 24 - 28
Inferior Wose Base - 10 - 18 - 51 - 10 + 20 - 49
Superior Nose Bridge - 5 - 7 - 6 - 7 + 13 - 3
Middle Nose Bridge + 1 - 9 - 27 + 3 + 13 - 24
Inferior Nose Bridge + 12 - 12 - 50 + 10 + 16 - 46
Superior orbital Rim - 3 - 31 + 8 - 4 + 36 + 8
Lateral Orbital Rim - 39 - 59 - 14 - 42 + 62 - 16
Inferior Orbital Rim - 16 - 31 - 27 - 16 + 36 - 26
Tragion. - 97 - 74 - 33 - 104 + 76 - 40
Lateral Zygomatio Aroh - 65 - - 29 - 65 + 72 - 37

Midaagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 126
Promenton + 3 0 - 114
Suprasentale - 1 0 - 100
Stomion - 1 + 1 - 80
Subm ale + 1 + 2 - 61Pronuale + 22 + 2 - 50Minasal: + 12 + - 26

Sell, on 0 0 0
Glabell+ 0 + 15
Frontal +1 - 2 0 + 30
Frontal +2 - 5 0 + 40
Frontal +3 - 10 0 + 49
Frontal +4 - 15 0 + 58
Frontal +5 - 22 0 + 66

A-23



Table 24. Three-Dimensional Data Points Of Male Sub jeot M-14

(millimeters)

Right Lateral Left La+eral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Lateral Canthus - 28 - 50 - 18 - 25 + 50 - 12

Medial Canthus - 15 - 17 - 17 - 15 + 18 - 13
Chelion - 8 - 28 - 85 - 8 + 31 - 80
Conion - 72 - 66 - 104 - 77 + 66 - 104

Superior Nose Base - 15 - 13 - 12 - 15 + 15 - 7
Middle Nose Base - 6 - 21 - 31 - 7 + 24 - 29
Inferior Nose Base + 2 - 18 - 51 + 1 + 21 - 47
Superior Nose Bridge - 5 - 10 - 6 - 8 + 12 - 3
Middle Nose Bridge + 7 - 10 - 27 + 4 + 16 - 25

Inferior Nose Bridge + 22 - 12 - 45 + 21 + 18 - 43

Superior orbital Rim - 9 - 33 + 2 - 10 + 36 + 7
Lateral orbital Rim - 43 - 62 - 16 - 41 + 63 - 11
Inferior Orbital Rim - 15 - 33 - 29 - 15 + 36 - 25
Tragion - 107 - 74 - 43 - 107 + 77 - 39

Lateral Zygomatio Aroh - 65 - 74 - 32 - 61 + 76 - 31

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 126

Promenton + 8 0 - 112
Supraimentale + 3 0 - 98

Stomion + 12 + 2 - 82

Subnasale + 18 + 3 - 62

Pronasale + 36 + 5 - 44

Midnuasale + 19 + 3 - 21
:ISellion 0 0 0

Glabella - 1 0 + 14I FrontalI +1 - 8 0 + 26
Frleontal. +2 - 12 0 + 3

Fr-ontal +3 - 17 0 + 43
Frontal +4 - 21 0 + 50
Frontal +5 - 26 0 + 58

A-24



Table 25. Three-Dimenionsl Data points Of Male Sub eot 4-07

Right Lat Sl Left tLatWl.

Bileteral LandImarcs X A s Y Pads Z Axis X Axis y Axis Axi

Lateral C nthus - 24 - 52 - 13 - 24 + 50 - 14

medial Canthus - 14 -18 - 11 - 13 + 17 -8

Chelion - 3 -30 - 81 - 4 + 26 -79

Conion - 72 -62 - 97 - -'4 + 59 -95

Superior Noe Oa - 12 -13 -10 -12 +13

middle Nose Base - 5 -19 - 30 - 4 + 17 -26

infeor Nose Bass - 2 -19 -48 4 +18 - 46

Superior Nose Bridge - 4 - 8 - 5 - 5 + 6 - 1

Middle None 1rd,9 + 6 - 9 - 27 + 4 + 12 -23

inferior Nose BriAge 18 - 12 - 41 + 15 + 17 ,39

-Superior crbitl Rim - 6 -34 + 8 - 1 + 33 + 10

Lateral (-bital Rim - 39 -63 - 13 - 37 + 58 - 14

Inferlior rbital Rim - 13 -34 - 26 - 13 + 33 - 23

Tragion - 97 -73 - 33 - ) + 66 - 35

Lateral ',,ygom~to Aroh - 70 -73 - 21 - 70 + 68 - 23

Mide~jittal Landmrks X Axis. Y A.,d8 Z A,

Menton 0 0 - 126

promenton + 6 0 - 115

Supramentale + 7 0 -103

Stomion + 10 - 1 - 79

Subn&ialO + 14 4 - 55

Pronasale + 31 + 2 - 41

Midn"ale + 15 4 - 23

e111on 0 0 0

clabella - 1 0 + 23

rontel +1 - 7 0 + 36

Frontal +2 - 14 0 + 45

Fronta I+
3  - 20 0 + 54

!un'. l +4  - 26 0 + 61

?ronta +5 - 33 0 +

A--



To-le 26. Three-Dimensional Data Points Of Male Subjeot M-26
(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Axis X Axis Y Axis 2 Axis

Lateral Canthus - 21 - 50 -10 - 19 + 47 - 12
Medial Canthus - 13 - 16 - 11 - 12 + 12 - 10
Chelion - 11 - 29 -80 - 10 + 24 - 80
Gordon - 83 - 79 -89 - 85 + 71 - 92
Superior Nose Base - 1 - 12 - 6 - 11 + 12 - 6
Middle Nose Base - 7 - 19 -28 - I + 16 - 27
Inferior Nose Bae - 7 - 24 - 46 - 6 + 18 - 48

Superior Nose Bridge - 5 -9 - 4 - 3 + 3 - 3
Middle Nose Bridge + 3 - 11 -26 + 3 + 7 - 24
Inferior Nose Bridge + 17 - 17 -46 + 17 + 12 - 45
Superior Orbital Rim - 1 - 33 + 11 0 + 30 + 11
Lateral Orbital Rim - 37 - 66 - 7 - 34 + 65 - 10
Inferior Orbital Rim - 10 - 33 - 26 - 10 + 30 - 23
Tragion - 98 - 81 - 30 - 100 + 77 - 34
Lateral Zygomatio Arob - 64 - 78 - 17 - 67 + 76 - 15

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 126
Promenton + 4 0 - 116
Supramentale 0 0 - 101
Stomion + 7 - 2 - 82

Subnasale + 9 - 3 - 58
Pronasale + 28 - 3 - 45
Midnasale + 12 - 2 - 23

Sellion 0 0 0
Glabella + 3 0 + 18

Frontal +1 - 1 0 + 31

Frontal +2 - 5 0 + 40
Frontal +3 - 10 0 + 50
Frontal +4 - 15 0 + 58
Frontal +5 - 21 0 + 67

A-26



Table 27. Three-Dimensional Data Points Of Male SubJeot M-21
(mllimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Axis X Axis Y Axis Z Axis

Lateral Canthus - 21 - 52 -13 - 20 + 4 - 14
Medal Cantbus - 10 - 20 -13 - i0 + 15 - 1i

cbelion - 14 - 33 - 0 - 18 + 27 - 79

Gonion - 81 - - 88 - 73 + 64 - 94

Superior Nose Base - 10 - 13 - 11 - 10 + 10 - 8

Middle Nose Base - 4 - 22 -26 - 5 + 20 - 27

Infrior Nose Base - 2 - 25 -47 - 5 + 20 - 46

Sup.ior Nose Iridge - 2 - 10 - 7 - 2 + 5 - 5
Middle Nose Bridge + 7 - 12 -24 + 4 + 11 - 24

Inferior Nose Bridge + 19 - 16 -44 4 17 + 13 - 42

Superior orbital Rim 0 - 36 + 6 + 3 + 30 + 5
Lateral orbital Rim - 36 - 66 - 6 - 34 + 63 - 9

Inferior Cwbital Rim - 9 - 36 - 24 - 9 + 30 - 23

Tragion - 105 - 78 - 35 - 105 + -7 - 33

Lateral Zygomatio Aroh - 68 - 80 - 23 - 66 + 78 - 24

Hideagitta~l Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 127

Promentan + 8 0 - 112
Suprmaentale + 2 0 - 98
Stomion + 6 - 2 - 82

Subnasale + 11 - 2 - 54
1ronasle + 27 + 1 - 43

MYdnasale, + 12 - I - 23
Sellion 0 0 0

Glabell. + 6 0 + 11

Frontal +1 + 4 0 + 23
Frontal +2 + 2 0 + 33
Frontal +3 - 1 0 + 42
Frontal +4 - 5 0 + 52

Frontal +5 - 10 0 + 60

A-27
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Table 28. Three-Dimensional Data Points Of Male Subjeot M-25

(millimeters)

Right Lateral Left Lateral

Bilateral Landmarks X Axis Y Axis Z Axis X Axis Y Axis Z Axis

Later l Canthus - 23 - 55 - 17 - 23 + 47 - 20
Medial Canthus - 15 - 19 - 15 - 15 + 16 - 13
chelion - 15 - 32 - 84 - 16 + 26 - 81
conion - 78 - 77 - 88 - 79 + 61 - 96
Superi Nose Base - 12 - 13 - 10 - 12 + 10 - 8
Middle Nose Base - 8 - 21 - 31 - 8 + 17 - 33
Inferior Nose Base - 9 - 20 - 47 - 9 + 16 - 47
Superior Nose Bridge - 4 - 9 - 6 - 5 + 6 - 4
Miadle Nose Bridge + 3 - 12 - 26 + 5 + 6 - 26
Inferior None Bridge + 13 - 16 - -44 + 13 + 11 - 43
Superior Orbital Rim 0 - 35 + 6 - I + 29 + 4
Lateral orbital Rim - 41 - 69 - 13 - *42 + 63 - 15
Inferior orbital Rim - 13 - 35 - 28 - 13 + 29 - 30
Tragion - 97 - 81 - 28 - 98 + 75 - 31
Lateral Zygomatio Aroh - 71 - 79 - 17 - 71 + 76 - 20

Midsaittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 131
Promenton + 8 0 - 118
Supramentale - 0 - 104
Stomin 5 - 1 - 81
Subnassle + 8 - 2 - 56
Pronasale + 27 - 3 - 46
M.5dn"ale + 11 - 2 - 23
Sellion 0 0 0
Glabella + 3 0 + 12
Frontal +1 + 2 0 + 24
Frontal +2 + 3 0 + 34
Frontal +3 0 0 + 44
Frontal +4 - 5 0 + 54
Frontal +5 - 9 0 + 61
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Table 29. Three-Dimensional Data Points Of Male Subjeot M-22

(millimeters)

Right Lateral Left Lateral

Bilateral Laidmarks X Axis Y Axis Axis x Axis Y Axis Z Axis

Lateral Canthus - 19 - 48 - 15 - 19 -+ 46 - 12
Medial Canthus - 16 - 17 - 16 - 15 + 16 - 13

Chelion - 7 - 31 -85 - 6 + 28 - 82
Gonlion - 79 - 68 -103 - 86 + 65 - 97
Superior Nose Base - 15 - 15 - 14 - 12 + 13 - 11
Middle Nose Base - 8 - 24 -33 - 8 + 21 - 20

Inferior Nose ';ase - 7 - 25 -48 - 7 + 23 - 45
Superior Nose -ridge - 5 - 12 - 9 - 6 + 10 - 5

Middle Nose ',ridge + I - 16 - 30 + 4 + 12 - 25

Inferior Nose Pridge + 13 -19 -48 + 14 + 14 -43

Superior orbital Rim - 3 - 33 + 4 - 2 0 + 31 + 9
Lateral Orbital Rim -37 - 65 - 15 - -35 + 62 - 12
Inferior Orbital Rim -12 - 33 - 26 - 12 + 31 - 25
Tragion -92 - 81 - 34 - 94 + 79 - 31

Lateral Zvgomatic Arch - 65 - 78 - 34 - 65 + 75 - 34

Midsagittal Landmarks X Axis Y Axis Z Axis

Menton 0 0 - 135

Promenton + 8 0 - 121

Supramentale + 2 0 - 105

Stomion + 7 - 3 - 82
Subnasale + 8 - 3 - 58
Pronasale + 26 - 4 - 47

Midnasale + 14 - 3 - 24

Sellion 0 0 0
Glabella 0 0 + 14
Frontal +1 - 4 0 + 27

Frontal +2 - 9 0 + 35

Frontai +3 - 13 0 + 44

Frontal +4 - 18 0 + 53

Frontal +5 - 24 0 + 61

A-29
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Table SO. Thre-Dimensional Data Points Of Male Subloot -16
(millimeter.)

Right Liateral left 1.stera1

ilat ual Landmark X Axis Y Axis Z Ui X Axis _ Z Ax

ate a.l Canthu - 30 - 51 - 18 -27 + 47 - 21
Meial Canthu - 14 - 19 -18 - I' 4 16 - 16
Chelion -12 - 29 - bx -12 '27 - 7
Gonion -71 - 63 - 108 -75 I60 - 111
Superior Nose Base -12 - 16 - 16 -13 ' 13 - 13
Middle Nose easo - 7 - 24 -3:l - 8 + 21 - 3.,
Inferior Nose Base - 5 - 21 - 5 - 6 0) - 51

Superior None Iridge - 2 - 12 - 7 - 5 + 10 -
Middle Nose ridgo + 7 - 14 -27 * 4 + 14 - 20
Inferior Nose Midge + 19 - 15 - 47 13 ' 16 - 48
Superior orbital Rim - 8 - 34 + 2 - 9 + 33 4 3
Lateral bit . Rim - 46 - 63 - - 44 + Q - 15
Inferior rbital Rim - 15 - 34 - 30 -15 + 33 - A.
Tragion - 105 - 75 - 40 -105 4 71 - 40
Lateral Zygomatio Aroh - 75 - 74 - 35 -80 + 71 - 23

Mideadittsl Landmaks X Axis Y Axis Axis

Menton 0 0 - 137
Promenton + 5 0 - 121
Supramentale - 2 0 - 105
Stomiuon 4 + 2 - 87
Subnasalo + 13 + 1 - 61
1onasale f 32 1 3 - 4

Minaslo e 18 4 1 - 23
Sellion 0 0 0
(;labell& * 3 0 15
Frontal+i - 6 0 + 26
rrontal +2 - 11 0 + 36
0'ronta. +3 - 16 0 + 44
,rontal *4 - 21 0 53

F ontal 5 - 28 0 + 60

*u. OoVRNNINRT PRINTINg3 n1Ic11, IN-, 61-S-64/T,4
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